Abstract-This paper reports enhancement effect of N2/02 gas addition in thermal plasma irradiation on the spallation phenomena from polyamide-66 (PA66) specimens with water absorption. The polyamide materials are widely used, for example, in low-voltage circuit breakers and arcing horns as ablation material. In such devices, the polymer is often contacted with arc discharges to be ablated, which increases the arc current interruption ability of the circuit breakers. In our previous experiments, not only ablation but also spallation phenomena had been found to occur from PA66 specimens with water absorption by Ar thermal plasma irradiation. The present work was conducted to investigate effect of N2/02 inclusion in the irradiating thermal plasma on the occurrence of spallation phenomena because the air circuit breaker was used in air. Relative oxygen admixture ratio to N2 was changed from 0% to 100% with a fixed heat flux irradiated to PA66 specimens.
I. INTRODUCTION
Polymer materials are widely used for an electrical insulation or a gas flow nozzle in low-voltage or high voltage circuit breakers. In a current interruption process, an arc plasma is formed between the electrodes in the circuit breaker. The arc plasma may contact the polymer materials, inevitably involving polymer ablation. Ablated vapor originating from polymer ablation can generate a pressure rise and then strong gas flow, which can cause cooling and shrinkage of the arc plasma. Effective utiliza tion of such polymer ablation is expected to enhance the arc interrupting capability of the circuit breaker. However, the interaction between polymer materials and the arc plasma is much complicated involving a large exchange in mass, momentum and energy between them.
In our previous works, an Ar induction thermal plasma was directly irradiated to seven kinds of polymer materials such as polytetrafluoroethylene (PTFE) and polyamide-66 (PA66) to fundamentally study the interaction between the thermal plasma and the polymers [1] , [2] . A high-speed video camera was used to observe the dynamics of ablated vapor from the polymers. As a result, we had found out that not only ablated vapor but also "spallation particles"
were ejected from water-absorbed polyamide materials surface [1] , [2] . Such spallation particles may possibly penetrate the arc discharge core deeply, and then they will be ablated there to decay the arc temperature. This may enhance the interruption ability of the circuit breakers. In addition, we found from another our experiments that the occurrence of spallation phenomena from PA66 specimen was much related with water absorption amount [3] .
The present paper reports experimental results on effect of N2/02 inclusion in the thermal plasma on the spallation phenomena from PA66 specimens with 3 wt% water ab sorption. The Ar ICTP with N2/02 was used to be irradi ated to the PA66 specimens because the ICTP technique is useful to control the experimental condition in detail. The effect of N2/02 inclusion on spallation phenomena was investigated since the actual low voltage circuit breakers or arcing horns are used in air. Oxygen admixture ratio to N2 was changed as a parameter to understand a role of the oxygen gas. As a result, it was found that O2 inclusion effectively promoted the frequency of spallation particle ejection from PA66 specimens with a fixed 3 wt% water absorption.
II. POLYAMIDE 66
We have found that the polymamide with water ab sorption emits spallation particles as well as ablated vapor during the thermal plasma irradiation from our previous works. This work thus focuses on the polyamide 66 (PA66). The polyamide material 66 is one of ther mosoftening plastics, and is well-known as nylon-66.
It is widely used as engineering plastics for electrical insulation, textile, etc. 
III. AR+N2+02 INDUCTION THERMAL PLASMA

IRRADIATION EXPERIMENT
A. Experiment setup The ICTP irradiation test instead of the arc plasma irradiation test has some advantages as follows: (i) The ICTP has essentially no contamination and impurity from electrodes.
(ii) The ICTP can be formed in a steady state with a stability. (iii) The ICTP can include different gas species like molecular gases and others to test their effects on the polymer ablation. In this paper, N2 and O2 were included to Ar plasmas to measure the effects of them.
B. Preparation of PA66 with water absorption
We have found from our previous experiments that the water absorption amount in PA66 specimen markedly affects the occurrence and frequency of spallation par ticles ejection [3] . In this work, the water absorption amount was controlled to have the same percentage of 3 wt% for all PA66 specimens by the following procedure.
First, PA66 specimens were dried using silica-gel in a desiccator in two weeks. Then, the specimens were soaked in boiling water to absorb water in three hours. The 3 wt% water absorption which is enough to be expected to eject spallation particles was confirmed from the weight difference before and after this procedure.
C. Experiment conditions
The experimental conditions were set as follows: Ta ble I summarizes the experimental conditions adopted. The pressure inside the chamber was fixed at atmospheric pressure 760 torr. The total gas flow rate was 50 Umin Irradiation of the Ar ICTP with different gas mixtures provides quite different aspect of PA66 ablation. In case of white-bluish light. This is mainly attributed to strong spectral intensity from C2 Swan system at wavelengths around 450-570 nm according to our previous work [3] .
The 97% Ar ICTP with 3%N2 offers the similar color ablated vapor but also with purple around the PA66 surface. The color purple comes from the high intensity of CN Violet spectra at wavelengths around 350-400 nm [3] . On the other hand, inclusion of O2 in the Ar ICTP involves orange color in ablated vapor. This arises from the continuous spectra by the black-body radiation according to spectroscopic measurement [3] . This seems due to combustion reaction of carbon particles in ablated vapor.
In addition to ablated vapor, "spallation particles" can be observed to be emitted from PA66 specimens for any six conditions of gas mixtures. Figures 6(a)-6 (d) present four images produced by accumulating 100 consecutive video captures from 900 ms to 1000 ms after ICTP irradiation. These figures were created to clarify the pres ence of spallation phenomena happening intermittently.
As seen in these figures, the spallation occurrence is clearly promoted by increasing O2 admixture ratio to N2.
B. Effect of O2 inclusion to N2 on the fr equency of spallation particles ejection 
Gas species
The number of spallation particles with N2/02 was irradiated on the PA66 specimen with a fixed 3 wt% water absorption. As a result, increasing relative O2 admixture ratio to N2 clearly enhanced the frequency of spallation particle ejection.
